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FZBLD or TBB ZirrBHTZOM 

This Invention is directed to the synthesis and use 
of oligonucleotides and aacromolecules to elicit RNase H for 
5 strand cleavage in an opposing strand. Included in the 
invention are oligonucleotides wherein at least some of the 
nucleotides of the oligonucleotides are functional ized to be 
nuclease resistant, at least sone of the nucleotides of the 
oligonucleotide include a substituent that potentiates 
10 hybridization of the oligonucleotide to a complementary strand , 
and at least some of the nucleotides of the oligonucleotide 
include 2 ^ ^deoxy ^erythro ^pentof uranosy 1 sugar moieties. The 
oligonucleotides and macromolecules are useful for there* 
peutics, diagnostics and as research reagents. 

IS BACXOROUliD OF THB ZMVBMTZOlf 

It is veil known that most of the bodily states in 
mammals including most disease states, are effected by 
proteins. Such proteins, either acting directly or through 
their enzymatic functions, contribute in major proportion to 

20 many diseases in animals and man. Classical therapeutics has 
generally focused upon interactions with such proteins in an 
effort to moderate their disease causing or dis ase 
potentiating functions. Recently, however, attempts have been 
made to moderate the actual production of such proteins by 

25 interactions with messenger RNA (mRNA) or other intracellular 
RNA's that direct protein synthesis. It is gen rally the 
object of such therapeutic approaches to int rfere with r 
th rwise modulate gene expression leading t und sired pr tein 



formation. 

Antisense method logy is the c mplementary hybrid- 
ization of relatively short oligonucleotides to single-stranded 
RNA or single^stranded DMA such that the normal, essential 
5 functions of these intracellular nucleic acids are disrupted. 
Hybridization is the sequence specific hydrogen bonding via 
Watson-Crick base pairs of the heterocyclic bases of oligo- 
nucleotides to RNA or DNA. Such base pairs are said to be 
complementary to one another. 

10 Naturally occurring events that provide for the 

disruption of the nucleic acid function, as discussed by Cohen 
in Oligonucleotides: Antisensm Inhibitors of Gene Expression, 
CRC Press, Inc., Boca Raton, Fl (1989) are thought to be of tv 
types. The first is hybridization arrest. This denotes the 

15 terminating event in which an oligonucleotide inhibitor binds 
to target nucleic acid and thus prevents, by simple steric 
hindrance, the binding of essential proteins, most often 
ribosomes, to the nucleic acid. Methyl phosphonate 
oligonucleotides (see^ ••sr«# Miller, et ai., Anti^Cancer Drug 

20 Design 19S7, 2, 117) and a*anomer oligonucleotides are the tv 
most extensively studied antisense agents that are thought t 
disrupt nucleic acid function by hybridization arrest. 

In determining the extent of hybridization arrest of 
an oligonucleotide, the relative ability of an oligonucleotide 

25 to bind to complementary nucleic acids may be compared by 
determining the melting temperature of a particular 
hybridization complex. The melting temperature (T.) , a 

characteristic physical property of double helixes, denotes the 
temperature in degrees centigrade at which 50% helical 

30 (hybridized) versus coil (unhybridized) forms are present. T. 
is measured by using the UV spectrum to determine the format i n 
and breakdo%m (melting) of hybridization. Base stac)cing which 
occurs during hybridization, is accompanied by a reduction in 
UV absorption (hypochromicity) . Consequently a reduction in UV 

35 absorption indicates a higher T.. Th higher the T., the 
greater th strength of the binding of the strands. Non- 
Watson-Crick base pairing, i.e. has mismatch, has a str ng 
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destabilizing effect on the T.. 

Th second type f terminating vent for antisense 
oligonucleotides Involves the enzymatic cleavage of the 
targeted RNA by intracellular RKase H. The mechanism of such 
5 RNase H cleavages requires that a 2'*deoxyribofuranosyl dig - 
nucleotide hybridize to a targeted RNA. The resulting ONA-RNA 
duplex activates the RMase H enzyme; the activated enzyme 
cleaves the RMA strand. Cleavage of the SNA strand destroys 
the normal function of the RMA. Phosphorothioate olig - 

10 nucleotides are one prominent example of antisense agents that 
operate by this type of terminating event* For a DMA 
oligonucleotide to be useful for activation of RNase H, the 
oligonucleotide must be reasonably stable to nucleases in order 
to survive in a cell for a time sufficient for the RNase H 

15 activation. 

Several recent publications of Welder, et ai. further 
describe the interaction of RNase H and oligonucleotides, of 
particular interest are: (1) Dagle, et al.. Nucleic Acids 
RBSBBTch If to, 18, 4751; (2) Oagle, et al., Antisense RBsearch 

20 And JDevelopment If 91, 1, ll; (3) Eder, et al., J. Biol. chem. 
iffl, 266, 6472; and (4) Dagle, et ai . , Nucleic Acids ResBarch 
Iffl, 19, 1805. In these papers, Welder, et ai. note that DNA 
oligonucleotides having both unmodified phosphodiester 
internucleoside linkages and modified, phosphorothi at 

25 internucleoside linkages are substrates for cellular RNase H. 
since they are substrates, they activate the cleavage of target 
RNA by the RNase H. However, the authors further note that in 
Xenopus embryos, both phosphodiester linkages and phosph r- 
othioate linkages are also subject to exonuclease degradati n. 

30 Such nuclease degradation is detrimental since it rapidly 
depletes the oligonucleotide available for RNase H activation. 

As described in references (1), (2), and (4), to 
stabilize their oligonucleotides against nuclease degradation 
while still providing for RNase H activation. Welder, t al. 

35 constructed 2'-deoxy oligonucl tides having a short secti n of 
phosphodiester linked nucl tides p siti ned between sections 
f phosphoramidat , alkyl phosphonate or phosphotriest r 



linkagM. While th ph sphoamidate-containing oligonucleotid s 
were atabiliz d against x nucleases, in reference (4) the 
authors noted that each phosphoramidate linkage resulted in a 
loss of 1«6*C in the measured T^^ value of the phosphoramidat 
5 containing oligonucleotides. Such decrease in the value is 
indicative of an undesirable decrease in the hybridization 
between the oligonucleotide and its target strand. 

Other authors have cosmented on the effect such a loss 
of hybridization between an antisense oligonucleotide and its 

10 targeted strand can have. Saison^Behnoaras, et ai., EMBO 
Journal Iffl, 10, 1111, observed that even through an oligonu-* 
elect ide could be a substrate for RNase cleavage efficiency 
by RNase H was low because of weak hybridization to the mRNA.. 
The authors also noted that the inclusion of an acridin 

15 substitution at the 3' end of the oligonucleotide protected th 
oligonucleotide from exonucleases. 

While it has been recognized that cleavage of a target 
RNA strand using an antisense oligonucleotide and RNase H would 
be useful, nuclease resistance of the oligonucleotide and 

20 fidelity of the hybridization are also of great importance. 
Heretofore, there have been no suggestion in the art of methods 
or materials that could both activate RNase H while 
concurrently maintaining or improving hybridization properties 
and providing nuclease resistance even though there has been a 

25 long felt need for such methods and materials. Accordingly, 
there remains a long^felt need for such methods and materials. 
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OBJECTS OF THE ZMVEMTIOM 

It is an Object of this invention t pr vide oligonu- 
cleotides that both activate RNase H upon hybridization with a 
target strand and resist nuclease degradation. 
5 It is a further object to provide oligonucleotides 

that activate RNase K, inhibit nuclease degradation, and 
provide iaproved binding affinity betveen the oligonucleotide 
and the target strand. 

A still further object is to provide research and 
10 diagnostic aethods and aateirials for assaying bodily stat s in 
animals, especially diseased states. 

Another object is to provide therapeutic and research 
methods and materials for the treatment of diseases thr ugh 
modulation of the activity of DNA and RNA. 

15 BRZBP DBSCRZPTZOM OT THE ZHVBIITZOM 

Zn accordance with one embodiment of this invention 
there are provided oligonucleotides formed from a sequence f 
nucleotide units. The oligonucleotides incorporate a least one 
nucleotide unit that is functionalized to increase nuclease 

20 resistance of the oligonucleotides. Further, at least some of 
the nucleotide units of the oligonucleotides are functionalized 
with a substituent group to increase binding affinity of the 
oligonucleotides to target RNAs, and at least some of the 
nucleotide \inits have 2 ^ -deoxy^ erythro -pentof uranosyl sugar 

25 moieties. 

Zn preferred oligonucleotides of the invention, 
nucleotide units that are functionalized for increased binding 
affinity are functionalized to include a 2 ^•substituent group. 
Zn even more preferred embodiments, the 2 '-substituent group is 

30 fluoro, C1-C9 alJcoxy, C1*C9 aminoalkoxy including aminopropoxy, 
allyloxy, C,-C9-alkyl-imidazole and polyethylene glycol. 
Preferred alJcoxy substituents include methoxy, ethoxy and 
propoxy. A preferred aminoalkoxy unit is aminopropoxy. A 
preferred alkyl-imidazol is l-propyl-3-(imidazoyl) . 

35 Zn certain preferred ligonucle tides of the invention 

having increased nucl as r sistanc , each nucl otide unit of 



the oligonucleotides is a ph sphorothioat or phosphorodithio* 
ate nucl otide. In ther preferred oligonucleotides, the 3' 
ter&inal nucleotide xanlt is functionalised with either or both 
of a 2' or a 3' substituent. 
5 The oligonucleotides Include a plurality of nucleotide 

units bearing substituent groups that increase binding affinity 
of the oligonucleotide to a complementary strand of nucleic 
acid. In certain preferred embodiments, the nucleotide units 
that bear such substituents can be divided into a first 

10 nucleotide unit sub-sequence and a second nucleotide unit sub- 
sequence, with 2 ' -deoxY'^ erythro -pentof uranosy 1 structures being 
positioned within the oligonucleotide between the first 
nucleotide unit sub-sequence and the second nucleotide unit 
sub-sequence. It is preferred that all such intervening 

15 nucleotide units be 2 ^ -deoxy- ervthro ^pentof uranesy 1 units. 

In further preferred oligonucleotides of the inven- 
tion, nucleotide units bearing substituents that increase 
binding affinity are located at one or both of the 3' or the 5' 
termini of the oligonucleotide. There can be from one to about 

20 eight nucleotide units that are substituted with substitu nt 
groups. Preferably, at least five sequential nucleotide units 
are 2 ' -deoxv- erythro -pentof uranosy 1 sugar moieties. 

The present invention also provides macromolecules 
formed from a plurality of linked nucleosides selected from a- 

25 nucleosides, fi-nucleosides including 2 * -deoxy- erythro * 
pentof uranosyl fi-nucleosides , 4 ' -thionucleosides , and 
carbocyclic-nucleosides. These nucleosides are connected by 
linkages in a sequence that is hybridizable to a complementary 
nucleic acid. The linkages are selected from charged 

30 phosphorous linkages, neutral phosphorous linkages, and non- 
phosphorous linkages. The sequence of linked nucleosides is 
divided into at least two regions. The first nucleoside region 
includes the following types of nucleosides: a-nucleosides 
linked by charged and neutral 3^-5' phosphorous linkages; a- 

35 nucleosides linked by charged and neutral 2^-5' ph sphorous 
linkages; a-nucle sid s linked by n n-ph sph reus linkages; 4'- 
thionucl osides linked by charg d and neutral 3^-5' phosphorous 
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linkages; 4'-thionucleo8ides link d by charged and neutral 2'- 
5' phosphorous linkages; 4 '-thionucleosides linked by non- 
phosphorous linkages; carbocyclic^nucleosides linked by charged 
and neutral 3^-5' phosphorous linkages; carboeyclic-nucleosides 
5 linked by charged and neutral 2'*-5' phosphorous linkages; 
carbocyclic-nucleosides linked by non*phosphorous linkages; fi- 
nucleosides linked by charged and neutral 2^*5' linkages; and 
fi-nucleosides linked by non*phosphorous linkages. A sec nd 
nucleoside region consists of 2 ^ ^deoxy ^ervthro -pentof uranosvl 

10 B-nucleosides linked by charged 3 '-5' phosphorous linkages 
having negative charge at physiological pH. In preferred 
embodiments, the macromolecules include at least 3 of said 2'- 
deoxy^ erythro ^pentofuranosyl B-nucleosides, more preferably at 
least 5 of said 2 ^ ^deoxv- erythrQ -^pentef uranosy l 6-nucleotides. 

IS In further preferred embodiments there exists a third 
nucleoside region whose nucleosides are selected from those 
selectable for the first region. In preferred embodiments th 
second region is positioned between the first and third 
regions. 

20 Preferred charged phosphorous linkages includ 

phosphodiester , phosphorothioate , phosphorodithioate , 
phosphoroselenate and phosphorodiselenate linkages ; 
phosphodiester and phosphorothioate linkages are particularly 
preferred. Preferred neutral phosphorous linkages include 

25 alkyl and aryl phosphonates , alkyl and aryl phosphoroamidites , 
alkyl and aryl phosphotriesters, hydrogen phosphonat and 
boranophosphate linkages. Preferred non-phosphorous linkages 
include peptide linkages, hydrazine linkages, hydroxy-amine 
linkages, carbamate linkages, morpholine linkages, carb nate 

30 linkages, amide linkages, oxymethyleneimine linkages, hydrazide 
linkages, silyl linkages, sulfide linkages, disulfide linkag s, 
sulfone linkages, sulfoxide linkages, sulfonate linkag s, 
sulfonamide linkages, formacetal linkages, thiof ormacetal 
linkages, oxime linkages and ethyl ne glycol linkages. 

35 The inv ntion also provid s macromol cules formed from 

a plurality f link d units, ach f which is selected from 
nucleosid s and nucl obases. The nucleosides include a- 



nucleosid s, 6-nucle sides Including 2'-d Qxy- erythro ^pento- 
furanosyl B-nucleosides, 4'*-thionucleo8ides and carbocyclic- 
nucleosides. The nucleobases include purin*9*yl and pyriaidin-- 
1-yl heterocyclic bases* The nucleosides and nucleobases of 
5 the units are linked together by linkages in a sequence wherein 
the sequence is hybridizable to a complementary nucleic acid 
and the sequence of linked units is divided into at least tv 
rip^a^ons. The linkages are selected from charged 3 '-5' phos- 
phorous, neutral 3^-5' phosphorous, charged 2 '-5' phosphorous, 

10 neutral 2 '-5' phosphorous or non-phosphorous linkages. A first 
of the regions includes nucleobases linked by non-phosphorous 
linkages and nucleobases that are attached to phosphate 
linkages via non-sugar tethering groups, and nucleosides 
selected from a-nucleosides linked by charged and neutral 3 '-5' 

IS phosphorous linkages, e-nucleosides linked by charged and 
neutral 2^-5' phosphorous linkages, a-nucleosides linked by 
non-phosphorous linkages, 4'-thionucleosides linked by charg d 
and neutral 3^-5' phosphorous linkages, 4'-thionucleosides 
linked by charged and neutral 2 '-5' phosphorous linkages, 4'- 

20 thionucleosides linked by non-phosphorous linkages, 
carbocyclic-nucleosides linked by charged and neutral 3 '-5' 
phosphorous linkages, carbocyclic-nucleosides linked by charged 
and neutral 2 '-5' phosphorous linkages, carbocyclic-nucleosides 
linked by non-phosphorous linkages, fi-nucleosides linked by 

25 charged and neutral 2^-5' linkages, and fi-nucleosides linked by 
non-phosphorous linkages. A second of the regions includ s 
only 2 ' -^deoxv- ervthro -pentof uranosvl B-nucleosides linked by 
charged 3^-5' phosphorous linkages wherein the 3 '-5' 
phosphorous linkages have a negative charge at physiological 

30 pH. 

In certain preferred embodiments, the first regi n 
includes at least two nucleobases joined by a non-phosphate 
linkage such as a peptide linkage. In preferred embodiments, 
the macromolecules include a third region that is selected from 
35 the same groups as described above f r the first r gion. In 
preferred embodiments, the sec nd regi n is located between th 
first and third r gions. 
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The invent! n also provides macronolecules that have 
a plurality of linked units, each of which is selected from 
nucleosides and nucleobases. The nucleosides are selected fr n 
a-nucleosides, fi*nucleosides, A'-thionucleosides and carb - 
5 cyclic-nucleosides and the nucleobases are selected from purin- 
9-yl and pyriinidin-l-*yl heterocyclic bases* The nucleosides 
and nucleobases of said units are linked together by linkag s 
in a sequence wherein the seqpience is hybridizable to a 
complenentary nucleic acid. The sequence of linked units is 

10 divided into at least two regions. The linkages are selected 
from charged phosphorous, neutral phosphorous or non- 
phosphorous linkages. A first of the regions include a- 
nucleosides linked by charged and neutral 3^-5' phosphorous 
linkages, a-*nucleosides linked by charged and neutral 2^*5' 

15 phosphorous linkages, a-nucleosides linked by non*phosphorous 
linkages, 4'*-thionucleosides linked by charged and neutral 3'* 
5' phosphorous linkages, A'-thionucleosides linked by charged 
and neutral 2'<*5' phosphorous linkages, 4'-thionucleosides 
linked by non-phosphorous linkages, carbocyclic-nucleosides 

20 linked by charged and neutral phosphorous linkages, 
carbocyclic-nucleosides linked by non-phosphorous linkages, B- 
nucleosides linked by charged and neutral 3^-5' linkages, fi- 
nucleosides linked by charged and neutral 2 '-5' linkages, and 
fi-nucleosides linked by non-phosphorous linkages. A second of 

25 the regions include nucleobases linked by non-phosphorous 
linkages and nucleobases that are attached to phosphate 
linkages via a non-sugar tethering moiety. 

Preferred nucleobases of the invention include 
adenine, guanine, cytosine, uracil, thymine, xanthine, 

30 hypoxanthine, 2-aminoadenine, 6-methyl and other alkyl 
adenines, 2-propyl and other alkyl adenines, 5-halo uracil, 5- 
halo cytosine, 6-aza uracil, 6-aza cytosine and 6-aza thymine, 
5-uracil (pseudo xiracil) , 4-thiouracil, 8-halo adenine, 8- 
amino-adenine, 8-thiol adenine, 8-thiolalkyl adenines, 8- 

35 hydroxyl adenin and other 8 substituted adenin s and 8-halo 
guanin s, ' 8-amino guanin , 8-thi 1 guanine, 8-thiolalkyl 
guanin s, 8-hydroxyl guanin and oth r 8 substituted guanines. 



-lo- 
th r aza and d aza uracils, ther aza and deaza thymidines, 
othar aza and daaza eytosina, aza and deaza adenines, aza and 
deaza guanines or 5*trif luoromethyl uracil and 5- 
tr if luorocytosine . 
5 The invention also provides methods of treating an 

organism having a disease characterized by the xindesir d 
production of an protein. These methods include contacting the 
organism with an oligonucleotide having a sequence of 
nucleotides capable of specifically hybridizing to a 

10 complementary strand of nucleic acid where at least one of the 
nucleotides is functionalized to increase nuclease resistance 
of the oligonucleotide to nucleases, where a substituent group 
located thereon to increase binding affinity of th 
oligonucleotide to the complementary strand of nucleic acid and 

15 where a plurality of the nucleotides have 2'-deoxy- 
ervthro reaions I'^pentof uranosvl sugar moieties. 

Further in accordance with this invention there are 
provided compositions including a pharmaceutically effective 
amount of an oligonucleotide having a sequence of nucleotides 

20 capable of specifically hybridizing to a complementary strand 
of nucleic acid and where at least one of the nucleotides is 
functionalized to increase nuclease resistance of the olig - 
nucleotide to nucleases and where a plurality of the 
nucleotides have a substituent group located thereon to 

25 increase binding affinity of the oligonucleotide to th 
complementary strand of nucleic acid and where a plurality of 
the nucleotides have 2 ^ ->deQxy- erythro ->pentof uranosvl sugar 
moieties. The composition further include a pharmaceutically 
acceptable diluent or carrier. 

30 Further in accordance with this invention there are 

provided methods for in vitro modification of a sequence 
specific nucleic acid including contacting a test solution 
containing an RNase H enzyme and said nucleic acid with an 
oligonucleotid having a sequence of nucl otides capable of 

35 specifically hybridizing to a c mplementary strand of nucleic 
acid and wher at 1 ast ne f the nucl otid s is fUnc* 
tionalized to incr as nucl ase resistance of the 
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olig nucltt tid to nuclaases and where a plurality f the 
nucleotides hav a substituent group located ther n to 
increase binding affinity of the oligonucleotide to the 
complementary strand of nucleic acid and where a plurality f 
5 the nucleotides have 2 ' -deoxy-fiQdUUi:fi*P«ntof uranosy 1 sugar 
moieties. 

There are also provided methods of concurrently 
enhancing hybridization and RNase H enzyme activation in an 
organism that includes contacting the organism with an 

10 oligonucleotide having a sequence of nucleotides capable of 
specifically hybridizing to a complementary strand of nucleic 
acid and where at least one of the nucleotides is 
functional ized to increase nuclease resistance of the 
oligonucleotide to nucleases and where a plurality of the 

15 nucleotides have a substituent group located thereon t 
increase binding affinity of the oligonucleotide to the 
complementary strand of nucleic acid and where a plurality of 
the nucleotides have 2 ' ^deoagy^ erythro ^pantof uganQsy l sugar 
moieties. 

^20 BRZEP DB8CRZPTZOH OF THB OltAWZMOS 

This invention will be better imderstood when taken 
in conjunction with the drawings wherein: 

Figure l is a graph showing dose response activity of 
oligonucleotides of the invention and a reference compound; and 
25 Figure 2 is a bar chart showing dose response activity 

of oligonucleotides of the invention and reference compounds. 



DBTAZLSD DB8CRZPTZOM OF TSX ZWBIITZOM 

In accordance with the objects of this invent i n, 
novel oligonucleotides and macromolecules that, at once, have 

30 increased nuclease resistance, increased binding affinity to 
complementary strands and that are substrates for RNase H are 
provided. The oligonucleotides and macromolecules of the 
invention are assembled f r m a plurality of nucleotide, 
nucleoside or nucleobas sub-units. Each oligonucleotide or 

35 macromolecule of th invention includes at 1 ast one 
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nucl« tide, nucle side r nucle base unit that is func* 
tionalized to increase the nuclease resistances of the 
oligonucleotide. Further, in certain embodiments of the 
invention at least some of the nucleotide or nucleoside units 
5 bear a substituent group that increases the binding affinity of 
the oligonucleotide or macromolecule to a complementary strand 
of nucleic acid* Additionally at least some of the nucleotide 
units comprise a 2 ^ -deoxyiEXtluzfi^pentof uranosy 1 group as th ir 
sugar moiety. 

10 In conjunction with the above guidelines, each 

nucleotide unit of an oligonucleotides of the invention, 
alternatively referred to as a subunit, can be a "natural** or 
a "synthetic** moiety. Thus, in the context of this invention^ 
the term **oligonucleotide** in a first instance refers to a 

15 polynucleotide formed from a plurality of joined nucleotide 
units. The nucleotides units are joined together via native 
internucleoside, phosphodiester linkages. The nucleotide units 
are formed from naturally-occurring bases and pentofuran syl 
sugars groups. The term ""oligonucleotide** thus effectively 

20 includes naturally occurring species or synthetic species 
formed from naturally occurring nucleotide units. 

Oligonucleotides of the invention also can include 
modified subunits. The modifications can occur on the base 
portion of a nucleotide, on the sugar portion of a nucleotide 

25 or on the linkage joining one nucleotide to the next. In 
addition, nucleoside units can be joined via connecting groups 
that substitute for the inter-nucleoside phosphate linkages. 
Nacromolecules of the type have been identified as 
oligonucleosides. In such oligonucleosides the linkages 

30 include an -O-CHj-caij^O- linkage (i.e., an ethylene glycol 
linkage) as well as other novel linkages disclosed in the 
following United States patent applications: Serial Number 
566,836, filed August 13, 1990, entitled Novel Nucleoside 
Analogs; Serial Number 703,619, filed May 21, 1991, entitl d 

35 Backbone Modifi d Olig nucleotide Analogs; and Serial Number 
903,160, filed June 24, 1992, entitled Heteroatomic 
Oligonucl otide Linkag . Other m dif ications can be made to 
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the sugar, to th base, or to the phosphate gr up of the 
nucleotid • R pr sentatlve aodif ications are disci sed in th 
following United States patent applications: Serial Nxunber 
463,358, filed January 11, 1990, entitled Compositions And 
5 Methods For Detecting And Modulating RNA Activity; Serial 
Number 566,977, filed August 13, 1990, entitled Sugar Modified 
Oligonucleotides That Detect And Modulate Gena Expression; 
Serial Number 558,663, fil^d July 27, 1990, entitled Novel 
Polyamine Conjugated Oligonucleotides; Serial Number 558,806, 

10 filed July 27, 1991, entitled Nuclease Resistant Pyrimidine 
Modified Oligonucleotides That Detect And Modulate Gen 
Expression; and Serial Nvimber PCT/US91/00243 , filed January 11, 
1991, entitled Compositions and Methods For Detecting And 
Modulating RNA Activity, all assigned to the assignee of this 

15 invention. The disclosures of each of the above noted patent 
applications are herein incorporated by reference. 

Thus, the terms oligonucleotide is intended to include 
naturally occtirring structures as veil as non-*naturally 
occurring or ""modif led** structures ~ including modified sugar 

20 moieties, modified base moieties or modified sugar linking 
moieties — that function similarly to natural bases, natural 
sugars and natural phosphodiester linkages. Thus, oligonucl - 
otides can have altered base moieties, altered sugar moieties 
or altered inter-sugar linkages. Exemplary among these ar 

25 phosphorothioate, phosphorodithioate, methyl phosphonate, 
phosphotr iester , phosphoramidate , phosphor oselenate and 
phosphorodiselenate inter^nucleoside linkages used in place of 
phosphodiester inter-nucleoside linkages; deaza or aza purines 
and pyrimidines used in place of natural purine and pyrimidine 

30 bases; pyrimidine bases having substituent groups at the 5 or 
6 position; purine bases having altered or replacement 
substituent groups at the 2, 6 or 8 positions; or sugars having 
substituent groups at their 2' position, substitutions for one 
or more of the hydrogen atoms of the sugar, or carbocyclic or 

35 acyclic sugar analogs. Th y may als c mprise other 
modificati ns c nsistent with the spirit f this invention. 
Such oligonucl otides are best d scribed as being functionally 



intftrchangeabl vith natural oligonuclaotides ( r synthesized 
ligonucleotides along natural lines) , but which have one or 
more differences from natural structure* All such dig ^ 
nucleotides are comprehended by this invention so long as they 
5 function effectively to mimic the structure of a desired RNA r 
DMA strand. 

Zn one preferred embodiment of this invention, 
nuclease resistance is achieved by utilising phosphorothioat 
Internucleoside linkages. Contrary to the reports of Wald r, 
10 et ai. note above, Z have found that in systems such as fetal 
calf serum containing a variety of 3'«^exonucleases, 
modification of the internucleoside linkage from a phosph - 
diester linkage to a phosphorothioate linkage provides nuclease 
resistance. 

15 Brill, et aJ., J. Am. Chmm. Sac. if fx, 213, 3972, 

recently reported that phosphorodithioate oligonucleotides also 
exhibit nuclease resistance. These authors also reported that 
phosphorodithioate oligonucleotide bind vith complementary 
deoxyo ligonucleotides, stimulate SMase H and stimulate th 

20 binding of lac repressor and cro repressor. Zn view of th se 
properties, phosphor odithioates linkages also may be useful t 
increase nuclease resistance of oligonucleotides of the 
invention. 

Nuclease resistance further can be achieved by 
25 locating a group at the 3' terminus of the oligonucleotide 
utilizing the methods of Saison-Behmoraras, et ai., supra, 
wherein a dodecanol group is attached to the 3' terminus of the 
oligonucleotide. Other suitable groups for providing increased 
nuclease resistance may include steroid molecules and other 
30 lipids, reporter molecules, conjugates and non-aromatic 
lipophilic molecules including alicyclic hydrocarbons , 
saturated and tinsaturated fatty acids, waxes, terpenes and 
polyalicyclic hydrocarbons including adamantane and buckmin- 
sterfullerenes. Particularly useful as steroid molecules for 
35 this purpose are the bile acids including cholic acid, 
deoxycholic acid and dehydrocholic acid. other steroids 
include cortisone, digoxigenin, test st rone and cholesterol 
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and even cationic steroids such as c rtis ne having a 
trimethylaminon thyl hydrazide group attached via a doubl bond 
at the 3 position of the cortisone ring. Particularly useful 
reporter aolecules are biotin and fluorescein dyes. Such 
5 groups can be attached to the 2' hydroxy 1 group or 3' hydr xyl 
group of the 3' teninal nucleotide either directly or 
utilizing an appropriate connector in the manner described in 
United States Patent Application Serial Number 782,374, filed 
October 24, 1991 entitled Oerivatized Oligonucleotides Having 

10 Improved Uptake and Other Properties, assigned to the assignee 
as this application, the entire contents of which are herein 
incorporated by reference* 

Attachment of functional groups at the 5' terminus of 
compounds of the invention also may contribute to nuclease 

15 resistance. Such groups include acridine groups (which also 
serves as an intercalator) or other groups that exhibit either 
beneficial pharmacokinetic or pharmacodynamic properties. 
Groups that exhibit pharmacodynamic properties, in the context 
of this invention, include groups that improve oligonucleotide 

20 uptake, enhance oligonucleotide resistance to degradation, 
and/or strengthened sequence-specific hybridization with RNA. 
Groups that exhibit pharmacokinetic properties, in the context 
of this invention, include groups that improve oligonucleotide 
uptake, distribution, metabolism or excretion. 

25 Further nuclease resistance is expect to be conferred 

utilizing linkages such as the above identified -O-CHj-CHj-O- 
linkage and similar linkages of the above identified United 
State Patent Applications Serial Number 566,83 6, Serial Ntimber 
703,619, and Serial Number 903,160, since these types f 

30 linkages do not utilize natural phosphate ester-containing 
backbones that are the natural substrates for nucleases. When 
nuclease resistance is conferred upon an oligonucleotide of the 
invention by the use of a phosphorothioate or other nuclease 
resistant internucleotide linkages, such linkages will reside 

35 in each internucleotide sites. In oth r embodiments, less than 
all f the internucl otide linkages will be m dif ied. to 
phosphorothioate or other nucl ase resistant linkages. 
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I have found that binding affinity of olig nucleo* 
tides .f the invention can be increased by locating substituent 
groups on nucleotide subunits of the oligonucleotides of the 
invention. Preferred substituent groups are 2' substituent 
S groups, i.e., substituent groups located at the 2' position of 
the sugar moiety of the nucleotide subtinits of the oligonucle - 
tides of the invention. Presently preferred substituent gr ups 
include but are not limited to 2'-fluoro, 2'-alkoxy, 2'*amin - 
alkoxy, 2^*allyloxy, 2^*imidazole-alkoxy l&nd 2 '-poly (ethylene 

10 oxide) • Alkoxy and aminoalkoxy groups generally include lover 
alkyl groups, particularly Cl*C9 aUcyl. Poly (ethylene glycols) 
are of the structure (0-CH2-CH2)„-0-alkyl. Particularly 
preferred substituent groups are 2'-fluoro, 2'-methoxy, 2'- 
ethoxy , 2 ' -propoxy , 2 ' -aminopropoxy , 2 ' -imidazolepropoxy , 2 ' - 

15 imidazolebutoxy, and 2'-*allyloxy groups. 

Binding affinity also can be increased by the use of 
certain modified bases in the nucleotide units that make up the 
oligonucleotides of the invention. Such modified bases may 
include 6-azapyrimidines and N-2, N-6 and 0*6 substitut d 

20 purines including 2-aminopropyladenine. Other modified 
pyrimidine and purine base are expected to increase the binding 
affinity of oligonucleotides to a complementary strand of 
nucleic acid. 

The use of 2 ' -substituent groups increases the binding 
25 affinity of the substituted oligonucleotides of the inventi n. 
In a published study, Kawasaki and Cook, et al.. Synthesis and 
Biophysical Studies of 2'^dRIBO^F Modified Oligonucleotides, 
Conference On Nucleic Acid Therapeutics, Clearwater, FL, 
January 13, 1991, the inventor has reported a binding affinity 
30 increase of 1.6*C per substituted nucleotide unit of the 
oligonucleotide. This is compared to an iinsubstituted oligo- 
nucleotide for a 15 mer phosphodiester oligonucleotide having 
2'-deoxy-2'-f luoro groups as a substituent group on five of the 
nucl otides of the oligonucle tide. When 11 of th nucleotides 
35 of the oligonucl otid bor such 2'-deoxy-2'-f luoro substituent 
groups, the binding affinity incr as d t 1.8*C p r substituted 
nucl otide unit. 
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In that san study, the 15 mer ph sphodiester oligo- 
nucleotide was derivatized to th corresponding phosphoro*- 
thioate analog. When the 15 ner phosphodiester oligonucleotide 
was conpared to its phosphorothioate analog, the phosphorothio- 
5 ate analog had a binding affinity of only about 66% of that of 
the 15 mer phosphodiester oligonucleotide. Stated otherwise, 
binding affinity was lost in derivatizing the oligonucleotide 
to its phosphorothioate analog. However, when* 2'-deoxy•2'- 
f luoro substituents were located at 11 6i the nucleotides of 

10 the 15 Ber phosphorothioate oligonucleotide, the binding 
affinity of the 2 ' -stibstituent groups more than overcame the 
decrease noted by derivatizing the 15 mer oligonucleotide to 
its phosphorothioate analog. In this compound, i.e., a 15 mer 
phosphorothioate oligonucleotide having 11 nucleotide 

15 substituted with 2^-^fluoro groups, the binding affinity was 
increased to 2.5*0 per substituent group. In this study no 
attempt was made to include an appropriate consecutive sequence 
of nucleotides have 2 ^ ^deoxy- erythro -pentof uranosyl sugars that 
would elicit RNase H enzyme cleavage of a SNA target 

20 complementary to the oligonucleotide of the study. 

In order to elicit RNase H enzyme cleavage of a target 
RNA, an oligonucleotide of the invention must include a segment 
. or sub-sequence therein that is a DNA type segment. Stated 
otherwise, at least some of the nucleotide subunits of the 

25 oligonucleotides of the invention must have 2 ^ -deoxv- erythro - 
pentofuranosyl sugar moieties. I have found that a sub- 
sequence having more than three consecutive, linked 2 '-de xy- 
erythrp ^pentof uranosy l^eonta ining nucleotide sub-units likely 
is necessary in order to elicit RNase H activity upon hybrid- 

30 ization of an oligonucleotide of the invention with a target 
RNA. It is presently preferred to have a sub-sequence of 5 or 
more consecutive 2 ' -deoxv- ervthro -pentofuranosyl containing 
nucleotide subunits in an oligonucleotide of the invention. 
Use of at least 7 consecutive 2 ^ -deoxy- ervthrp ^pentof uranosvl- 

35 containing nucl otide subunits is particularly pref rred. 

Th mechanism of action of RNase H is recognition of 
a DNA-RNA duplex followed by cl avage of the RNA stand of this 
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duplex. As noted in the Backgr und sect! n above, others in 
the art hav used aodifi d DNA strands t impart nuclease 
stability to the DNA strand. To do this they have used 
modified phosphate linkages impart increased nuclease stability 
5 but detract from hybridization properties. While Z do not wish 
to be bound by theory, Z have identified certain nucleosides or 
nucleoside analogs that will Impart nuclease stability to an 
oligonucleotide, oligonucleoside or other macromolecule and in 
certain instances also impart increase binding to a 

10 complementary strand. These include e-nucleosides linked by 
charged and neutral 3^*5' phosphorous linkages, a^nucleosides 
linked by charged and neutral 2^*5' phosphorous linkages, a* 
nucleosides linked by non-phosphorous linkages, 4'- 
thionucleosides linked by charged and neutral 3^-5' phosphorous 

15 linkages, 4 '-thionucleosides linked by charged and neutral 2'- 
5' phosphorous linkages, 4 '-thionucleosides linked by n n- 
phosphorous linkages, carbocyclic-nucleosides linked by charged 
and neutral phosphorous linkages, carbocyclic-nucleosides 
linked by non-phosphorous linkages, fi-nucleosides linked by 

20 charged and neutral 3'-S' linkages, fi-nucleosides linked by 
charged and neutral 2^-5' linkages, and A-nucleosides linked by 
non-phosphorous linkages. They further include nucleobases 
that are attached to phosphate linkages via non-sugar tethering 
groups or are attached to non-phosphate linkages. 

25 Again, vhile not wishing to be bound by any particular 

theory, I have found certain criteria that must be met f r 
RNase H to recognize and elicit cleavage of a RNA strand. The 
first of these is that the RNA stand at the cleavage site must 
have its nucleosides connected via a phosphate linkage that 

30 bears a negative charge. Additionally, the sugar of the 
nucleosides at the cleavage site must be a B-pentofuranosyl 
sugar and also must be in a 2' endo conformation. The only 
nucleosides (nucleotides) that fit this criteria are 
phosphodiester , phosphorothioate , phosphorodithioat , 

35 phosphoros 1 nate and phosphorodisel nat nucleotides of 2'* 
d oxv- ervthro -Dentofuranosvl B-nucleosid s. 

In view of the above criteria, even certain 



- 19 - 

nucleosides that have been sh vn to reside in a 2' endo 
conformation ( .g., cyclop ntyl nucleosides) will not elicit 
RNase H activity since they do not incorporate a pentofuranosyl 
sugar* Modeling has shown that oligonucleotide 4'* 
5 thionucleosides also will not elicit RNase H activity, even 
though such nucleosides reside in an envelope conformation, 
since they do not reside in a 2' endo conformati n. 
Additionally, since e-nueleosides ere of the opposite 
configuration from B-pentofuranosyl sugars they also will not 

10 elicit RNase H activity. 

Nucleobases that are attached to phosphate linkages 
via non-sugar tethering groups or via non*phosphate linkages 
also do not meet the criteria of having a B«*pentofuranosyl 
sugar in a 2' endo conformation. Thus, they likely will not 

15 elicit RNase H activity. 

As used herein, o and B nucleosides include ribo- 
f uranosyl , deoxyr ibof uranosyl ( 2 ' -deoxy -ervthro -pentof uranosy 1 ^ 
and arabinof uranosyl nucleosides. 4 '-Thionucleosides are 
nucleosides wherein the 4' ring oxygen atom of the pento- 

20 furanosyl ring is substituted by a sulfur atom. Carbocyclic 
nucleosides are nucleosides wherein the ring oxygen is 
substituted by a carbon atom. Carbocyclic nucleosides include 
cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl rings (C3- 
C^-carbocyclic) having an appropriate nucleobase attached 

25 thereto. The above a and B nucleosides, 4 '-thionucleosides 

and carbocyclic nucleosides can include additional functional 
groups on their heterocyclic base moiety and additional 
functional groups on those carbon atoms of sugar or carbocyclic 
moiety that are not utilized in linking the nucleoside in a 

30 macromolecule of the invention. For example, substituent 
groups can be placed on the 1, 2, 3, 6, 7 or 8 position of 
purine heterocycles, the 2, 3, 4, 5 or 6 position of pyrimidine 
heterocycles . Deaza and aza analogs of the purine and 
pyrimidine heterocycles can be selected or 2 ' substituted sugar 

35 derivatives can be selected. All f these types of 
substitutions ar known in the nucleoside art. 

a-Nucl OS ides hav been incorporat d into bligo- 
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nucle tides; as reported by Gagn r, t. al . , Nucl ic Acids 
Res arch lft7, 25, 10419, they do not support RNase H 
degradation. Carbocyclic modified oligonucleotides have been 
synthesized by a number of investigators, including Perbost, et 
5 al., Biochamical and Biophysical Rmsmareh Communications iftt, 
165, 742; Sagi, et al., Nuclmic Acids Rmsaarch iffO, 18, 2133; 
and Szeazo, et. al., Tmtrahmdron Lmttmrs 1990, 31, 1463. 4'- 
Thionucleosides have been Icnown for et J^aet 25 years. An 
improved synthesis via 4 ' -thior ibof uranose recently was 

10 reported by Secrist, et. al.\ Tenth Jiitemational JtoundtaJbl : 
Nucleosides, Nucleotides and Their Biological Evaluation, 
September 16*20, 1992, Abstracts of Papers, Abstract 21 and in 
published patent application PCT/US91/02732. 

For incorporation into oligonucleotides or oligo- 

15 nucleotide suggorates, a and fi nucleosides, 4 '-thionucleosides 
and carbocyclic nucleosides will be blocked in the 5' positi n 
(or the eqniivalent to the 5' position for the carbocyclic 
nucleosides) with a dimethoxytrityl group, followed by 
phosphitylation in the 3' position as per the tritylation and 

20 phosphitylation procedures reported in Oligonuclaotides and 
Analogs^ A Practical Approach, Eckstein, F. , Ed.; The Practical 
Approach Series, IRL Press, New York, 1991. Incorporation into 
oligonucleotides will be accomplished utilizing a DNA 
synthesizer such as an ABI 380 B model synthesizer using 

25 appropriate chemistry for the formation of phosphodiester, 
phosphorothioate, phosphor odithioate or methylphosphonates as 
per the synthetic protocols illustrated in Eckstein op. cit. 

Boranophosphate linked oligonucleotides are prepared 
as per the methods described in published patent application 

30 PCT/US/06949. Phosphoroselenates and phosphorodiselenates 
linked oligonucleotides are prepared in a manner analogous t 
their thio counterparts using the reagent 3ir*l, 2-benzothia- 
seleno-3-ol for introducing the seleno moiety. This reagent is 
also useful for preparing selenothio-phosphates from corr s- 

35 ponding H-phosphonothiate di star as report d by Stavinski, t 
ai. T nth Int rnational Roundtabl : Nucl osid s, Nucl otides 



and Th ir Biological Evaluation, September 16*20, 1992, 
Abstracts of Papers, Abstract 80. Hydrogen phosphonate-1 inked 
oligonucleotides ~ as veil as alkyl and aryl phosphonate, 
alkyl and aryl phosphotri esters and alkyl and aryl phosphor- 
5 amidates linked oligonucleotides — are prepared in the mann r 
of published patent application PCT/US88/03842. This patent 
application also discusses the preparation of phosphorothioat s 
and phosphoroselenates linked oligonucleotides 

Non-phosphate backbones include carbonate, carbamat , 

10 silyl, sulfide, sulfone, sulfoxide, sulfonate, sulfonamide, 
fomacetal, thiof ormacetal, oxine, hydroxylamine, hydrazine, 
hydras ide, disulfide, amide, urea and peptide linkages. 
Oligonucleoside having their nucleosides connected by carbonat 
linkages are prepared as described by, for example, Mertes, t 

15 al., J. Med. Chem. lift, 12, 154 and later by others. 
Oligonucleoside having their nucleosides connected by carbamate 
linkages are prepared as was first described by Gait, et. al., 
J*. Chem. Soc. Perkin 1 if 74, 1684 and later by others. 
Oligonucleoside having their nucleosides connect by silyl 

20 linkages are prepared as described Ogilvie, et al.. Tetrahedron 
Letters iftS, 26, 4159 and Nucleic Acids Res. 1888, 16, 4583. 
Oligonucleoside having their nucleosides connected by sulf id 
linkages and the associated sulfoxide and sulfone linkages ar 
prepared as described by Schneider, et al.. Tetrahedron Letters 

25 1990, 31, 335 and in other publications such as published 
patent application PCT/US89/02323 . 

Oligonucleoside having their nucleosides connected by 
sulfonate linkages are prepared as described by Musicki, t 
al.. Org. chem. Iffl, 55, 4231 and Tetrahedron Letters 1991, 

30 32, 2385. Oligonucleoside having their nucleosides connect d 
by sulfonamide linkages are prepared as described by 
Kirshenbaum, et. al., The 5th San Diego Conference: Nucleic 
Acids: Neft Frontiers, Poster abstract 28, November 14-16, 1990. 
Oligonucleoside having their nucleosides connected by 

35 formacetals are prepared as described by Matteucci, T trah dron 
Lett rs 1990, 31, 2385 and V en man, t. al . , R cu il d s Trav. 
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Chim. XffO, 109, 449 as well as by the pr cedures of published 
patent application PCT/US90/06110. Olig nucle side having 
their nucleosides connected by thioforaacetals are prepared as 
described by Matteucci, et. ai., 47. Am. ChBm. Soc. X99X, 113, 
5 7767; Matteucci, Nucleosides « Nucleotides 1991, 10, 221, and 
the above noted patent application PCT/US90/06110. 

Oligonucleoside having their nucleosides connected by 
oxiae, hydroxylanine, hydrazine and amide linkages will be 
prepared as per the disclosures of United States Patent 

10 Application Serial Nimber 703,619 filed May 21, 1991 and 
related PCT patent applications PCT/US92/04292 and 
PCT/US92/ 04305 as well as corresponding published procedures by 
isyself and co-authors in Vasseur, at. al., J. Am. Chem. Soc. 
1992, 114, 4006 and Debart, et. al., TmtrahBdron Letters 1992, 

15 33, 2645. Oligonucleoside having their nucleosides connect by 
morpholine linkages will be prepared as described in United 
States Patent Number 5,034,506. 

Further non^phosphate linkage suitable for use in this 
invention include linkages have two adjacent heteroatoms in 

20 combination with one or two methylene moieties. Oligonucle - 
sides having their nucleosides connect by such linkages will be 
prepared as per the disclosures of United States patent 
application serial number 903,160, filed June 24^ 1992, the 
entire disclosure of which is herein incorporated by reference. 

25 Structural units having nucleobases attached via non- 

phosphate linkages wherein the non-phosphate linkages are 
peptide linkages will be prepared as per the procedures f 
patent application PCT/EP/01219. For use in preparing such 
structural units, suitable nucleobase include adenine, guanin , 

30 cytosine, uracil, thymine, xanthine, hypoxanthine, 2- 
aminoadenine, 6*methyl and other alkyl derivatives of adenine 
and guanine, 2-propyl and other alkyl derivatives of adenine 
and guanine, 5-halo uracil and cytosine, 6-azo uracil, cytosin 
and thymine, 5*\iracil (pseudo uracil), 4-thio\iracil, 8-hal , 

35 amino, thiol, thiolalkyl, hydroxy 1 and other 8 substituted 
ad nines and guanines, 5-trifluorom thyl and other 5 
substituted uracils and cytosin s, 7-methylguanine and ther 



nucle bas ' such as those disclosed in United States Patent 
Number 3,687,808. 

Peptide linkages include 5, 6 and 7 atom 1 ng 
backbones connected by amide links. other, similar n n- 
5 phosphate backbones having ester, amide and hydrazide links are 
prepared as per published patent applications PCT/US86/ 00544 
and PCT/US86/0054S. 

Other a and 6 nucleosides, 4'«-thionucleoside and 
carbocyclic nucleosides having the heterocyclic bases as 

10 disclosed for the nucleobases above can be prepared and 
incorporated in to the respective a and S nucleosides, 4'* 
thionucleoside and carbocyclic nucleosides. 

Non-sugar tethering groups include 3,4-dihydroxybutyl 
(see, Augustyns, et. al.. Nucleic Acids RmsBarch 1991, 19, 

15 2587) and dihydroxyproproxymethyl (see, Schneider, et ai., J. 
Am. Chem. Soc. 1990, 112, 453) and other linear chains such as 
C^-C^o alkyl, alkenyl and alkynyl. While the 3 , 4-dihydroxybutyl 
and dihydroxyproproxymethyl non-sugar tethering groups are the 
acyclic fragments of a fi-pentofuranosyl sugar, they will not 

20 serve to elicit RNase H activation. Preferred for a non-sugar 
tethering groups is the 3,4-dihydroxybutyl groups since the 
dihydroxyproproxymethyl when used in an oligonucleotide analog 
upon hybridization has shown a suppression of the melting 
temperat\ire between it and a complementary nucleic strand. 

25 Normal 3^-5' phosphodiester linkages of natural 

nucleic acids have 3 hetero atoms (-0-P-0-) between the 
respective sugars of the adjacent nucleosides. If the 5' 
methylene group (the 5' CHj group of the 3' nucleoside of th 
adjacent nucleosides) is also included, these phosphodiester 

30 linked nucleic acids can be viewed as being connected via 
linkages that are 4 atoms long. 

Two strands of fi-oligonucleotides will hybridize with 
each other with an anti-parallel polarity while a strand of a- 
oligonucleotides will hybridize with strand of B-oligonucleo- 

35 tides with a parallel polarity. In c rtain embodiments, 
oligonucleotides of the invent i n will hav a r gi n formed of 
a-nucleotides and a further region f rmed of B-nucl otid s. 
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These two regions are c nnected via an inter-regi n linkage* 
For such an olig nucle tide to bind t a c rresponding 
complementary fi strand of a nucleic acid and maintain th 
parallel polarity of the a region simultaneously with the anti* 
5 parallel polarity of the 6 region, either a 3 '-3' connection or 
a S'-5' connection must be made between the o and fi regions f 
the oligonucleotide of the invention. The 3^*3' connection 
(having no 5' methylene moietiM) yields a 3 atom long linkage, 
while the 5^-5^ connection (having two 5^^athyl«ne moieties) 

10 yields a 5 atom long linkage. 

For embodiments of the invention wherein a 4 atom 1 ng 
linkage between adjacent a and fi regions is desired, use of a 
symmetrical linking nucleoside or nucleoside surrogate will 
yield a 4 atom long linkage between each adjacent nucleoside 

15 pair. An example of such a symmetrical linking nucleoside 
surrogate is a 3 , 3-bls*hydroxylmethyl cyclobutyl nucleoside as 
disclosed in my United States Patent Application Serial Number 
808,201, filed December 13, 1991, entitled Cyclobutyl Oligo- 
nucleotide Surrogates, the entire disclosure of which is herein 

20 incorporated by reference. 

other suitable linkages to achieve 4 atom spacing will 
include alicyclic compounds of the class 1 -hy droxy 1-2 -hydroxy 1- 
methyl-alk-b-yl type moieties wherein a nucleobase is connected 
to the h (omega or last) position. Examples of this type f 

25 linkage are 9- (l-hydroxyl-2-methylhydroxyl-pent-5-yl) adenine, 
9- (l-hydroxyl-2-methylhydroxyl-pent-5-yl) guanine, 1- (l- 
hydroxyl-2-methy Ihydroxy l-pent-5-yl) uridine , 1- ( l-hydroxyl-2- 
methylhydroxYl-pent-5-yl)cyt08ine and the corresponding 3, 4 
and 7 atom analogs, wherein a propyl , butyl or hexyl alkyl 

30 group is utilized in place of the pentyl group. A further 
example includes a nucleoside having a pentofuranosyl sugar 
that is substituted with a 4'-'hydroxylmethy group. In this 
instance the linkages to the 5' nucleoside is an normal linkage 
via the normal 5' hydroxy 1 moiety, whereas the linkage to the 

35 3' nucleoside is not through th normal 3'-hydroxyl group but 
is through the 4'-hydroxylmethy moiety. As with the cycl butyl 
nucleoside, with both the alicyclic moieties r the 4'- 
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substitut d nucleoside n ieties, a 4 at m long linkage is 
achieved betv en adjacent regions of the oligonucleotide f the 
invention • 

Zn a Banner similar to that described above, in th se 
5 embodiments of this invention that have adjacent regions of a 
macromoleeule formed from different types of moieties, an 
interconnection of a desired length can be formed between each 
of the tvo adjacent regions of the macromoleeule. The 
symmetrical interconnection is achieved ^L.melecting a linking 

10 moiety that can form a covalent bond to both of the different 
types of moieties forming the adjacent regions. The linking 
moiety is selected such that the resulting chain of atoms 
between the linking moiety and the different types of moieties 
is of the same length. 

15 The oligonucleotides and macromolecules of th 

invention preferably comprise from about 10 to about 30 
nucleotide or nucleobase subunits. It is more preferred that 
such oligonucleotides and macromolecules comprise from about 15 
to about 25 subunits. As will be appreciated, a subunit is a 

20 base and sugar combination suitably bound to adjacent subunits 
through phosphorothioate or other linkages or a nucleobase and 
appropriate tether suitable bound to adjacent subunits through 
phosphorous or non--phosphorous linkages. Such terms are us d 
interchangeably with the term ''unit.** Zn order to elicit a 

25 RNase H response, as specified above, within this total overall 
sequence length of the oligonucleotide or macromoleeule will b 
a sub*sequence of greater than 3 but preferably five or more 
consecutive 2 ^ ^deoxv ervthro -pentof uranosy 1 containing nucleo- 
tide subunits. 

30 Zt is presently preferred to incorporated the 2'- 

deoxv -ervthro -pentofuranosyl'-eontaininQ nucleotide svib-sequ nee 
within the oligonucleotide or macromoleeule main seqnienee such 
that within the oligonucleotide or macromoleeule ther 
nucleotide subunits of the oligonucleotide or maeromoleeul are 

35 located on either sid of the 2 ' ^deoxv erythro -pentof uranosvl 
nucleotide . sub*sequence • 

In certain emb dim nts of the invention, it the 
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remainder f the nucleotide subunits each include a 2'- 
6ubstituent group f r increased binding affinity, then the 2'- 
deoxY^ ervthrO '^oentofuranosvl nucleotide sub-sequence will be 
located between a first sub-sequence of nucleotide subunits 
5 having 2'-s\ibstituent groups and a second sub--sequence . of 
nucleotide subunits having 2 ' -substituent groups. other 
constructions are also possible, including locating the 2'- 
dsexy^- ervthro ^psntefuranosvl nucleotide sub^seqpience at either 
the 3' or the 5' terminus of the oli^nucleotide of the 

10 invention. 

Compounds of the invention can be utilized in 
diagnostics, therapeutics and as research reagents and kits. 
They can be utilized in pharmaceutical compositions by 
including an effective amount of oligonucleotide of the 

15 invention admixed with a suitable pharmaceutical ly acceptable 
diluent or carrier. They fxurther can be used for treating 
organisms having a disease characterized by the \indesired 
production of a protein. The organism can be contacted vith an 
oligonucleotide of the invention having a sequence that is 

20 capable of specifically hybridizing vith a strand of nucleic 
acid that codes for the undesirable protein. 

Such therapeutic treatment can be practiced in a 
variety of organisms ranging from unicellular prokaryotic and 
eukaryotic organisms to multicellular eukaryotic organisms. 

25 Any organism that utilizes DNA-RNA transcription or RNA-protein 
translation as a fundamental part of its hereditary, metab lie 
or cellular control is susceptible to such therapeutic and/or 
prophylactic treatment. Seemingly diverse organisms such as 
bacteria, yeast, protozoa, algae, all plant and all high r 

30 animal forms, including warm-blooded animals, can be treated by 
this therapy. Further, since each of the cells of 
multicellular eukaryotes also includes both DNA-RNA 
transcription and RNA-protein translation as an integral part 
of their cellular activity, such therapeutics and/or 

35 diagnostics can also be practiced on such cellular populations. 
Furthermore', many f th rganelles, .7., mitochondria and 
chloroplasts, f exakaryotic cells also include transcription 
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and translation nachanisms. As such, single cells, cellular 
p pulations or organ lies also can be included within the 
definition of organisms that are capable of being treated with 
the therapeutic or diagnostic oligonucleotides of the 
5 invention. As used herein, therapeutics is meant to include 
both the eradication of a disease state, killing of an 
organism, m.g., bacterial, protozoan or other infection, r 
control of erratic or harmful cellular growth or- express i n. 

For purpose of illustration, tHe compounds of the 

10 invention have been used in a ras-lucif erase fusion system 
using ras-lucif erase transactivation. As described in United 
States Patent Application Serial Number 07/715,196, filed June 
14, 1991, entitled Antisense Inhibition of RAS Oncogene and 
assigned commonly with this application, the entire contents of 

15 which are herein incorporated by reference, the ras oncogenes 
are members of a gene family that encode related proteins that 
are localized to the inner face of the plasma membrane. Ras 
proteins have been shown to be highly conserved at the amino 
acid level, to bind OTP with high affinity and specificity, and 

20 to possess GTPase activity. Although the cellular function f 
ras gene products is unknown, their biochemical properties, 
along with their significant sequence homology with a class of 
signs l^transducing proteins known as GTP binding proteins, r 
G proteins, suggest that ras gene products play a fundamental 

25 role in basic cellular regulatory functions relating t the 
transduction of extracellular signals across plasma membranes. 

Three ras genes, designated H-ras, K-ras, and N*ras, 
have been identified in the mammalian genome. Mammalian ras 
genes acqpiire transformation-inducing properties by singl 

30 point mutations within their coding sequences. Mutations in 
natiirally occxirring ras oncogenes have been localized to cod ns 
12, 13, and 61. The most commonly detected activating ras 
mutation found in human tumors is in codon 12 of the H-ras gen 
in which a base change from 6GC to GTC results in a glycine-to- 

35 valine substitution in the GTPase regulatory domain of the ras 
protein prbduct. This single amino acid change is thought to 
abolish normal control f ras pr tein fxinction, thereby 
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converting a normally regulat d cell pr tein to ne that is 
continuously active* It is believed that such deregulati n of 
normal ras protein function is responsible for the 
transformation from normal to malignant growth. 
5 The following examples and procedures illustrate th 

present invention and are not intended to limit the same. 

SXMCPLB 1 

Oligoaueleotide syBthesiss 

Unsubstituted and substituted oligonucleotides were 
10 synthesized on an automated DNA synthesizer (Applied Biosystems 
model 380B) using standard phosphoramidate chemistry with 
oxidation by iodine. For phosphorothioate oligonucleotides, 
the standard oxidation bottle was replaced by 0.2 M solution of 
3H*l,2-benzodithiole*3-one 1,1-dioxide in acetonitrile for th 
15 step wise thiation of the phosphite linkages. The thiation 
wait step was increased to 68 sec and was followed by th 
capping step. After cleavage from the CPG column and 
deblocking in concentrated ammoni\am hydroxide at 55 *C (18 hr) , 
the oligonucleotides were pxirified by precipitation twice out 
20 of 0.5 M NaCl solution with 2.5 volximes ethanol. Analytical 
gel electrophoresis was accomplished in 20% acrylamide, 8 M 
urea, 454 mM Tris-*borate buffer, pH«7.0. Oligonucleotides and 
phosphorothioates were judged from polyacrylamide gel 
electrophoresis to be greater than 80% full-length material. 

25 SXAMPLB 2 

OligoBueleotide ■avimg a OligoBueleotide Regioms rianklBg 
ceatral B Oligomueleotide RegioB 

Km a«B Mixed oligonucleotide having aoa-symmetrieal 
3^*3' and S'-S' linkages 

30 For the preparation of a 15 mer, a first region 4 

nucleotides long of an a oligonucleotide is prepared as per th 
method of Gagnor, et. ai., Nucleic Acids Research 1987, 15, 
10419 or n a ONA synthesizer utilizing the general protocols 
of Exampl 1. Pr paration is from the 5' dir cti n towards th6 

35 3' dir ction. The terminal 3' hydroxy 1 gr ups is d prot ct d. 
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A normal B region f a DNA oligonucle tide 7 nucle tides long 
is added in a 3' to 5' direction terminating in a free 5' 
hydroxy 1 group. A further 4 nucleotide long region of a 
nucleotides is then added in a 5' to 3' direction. The 
5 resulting 15 aer mixed a*6*a oligonucleotide includes a 3 atom 
3 '-3' linkage between the first a region and the B region and 
a 5 atom 5^-5' linkage between the second a region and th B 
region • 

B. a*B Mixed oligomueleetide baviag mem-symmetrical 
10 3^-3' amd 5'*5' limkages 

The procedure of Example 2*A is repeated except the 
intermediate B region is added as a phosphorothioate region by 
substitution a thiation step for the normal oxidization step. 
Thiation is conducted via use of the Beaucage Reagent, i. 
15 the l,2-benzodithiole-3*one l,l-*dioxide of Example 1. 

C. tt-B Mimed oligomueleotide having symmetrical 4 
atom limkages 

For the preparation of a 17 mer, a first regi n 4 
nucleotides long is of an a-oligonucleotide is prepared on the 

20 DNA synthesizer as per the method of Gagnor, et. al., Nuci ic 
Acids Resmmrch X9t7, 15, 10419. Preparation is from the 5' 
direction towards the 3' direction. The terminal 3' hydroxyl 
groups is deprotected. A single nucleoside surrogate unit, la- 
thymidyl-3B-hydroxymethyl*3a-methoxytrityloxymethyl-cyclobutan 

25 amidite (prepared as per United States Patent Application 
Serial Number 808,201, identified above) is condensed on the 
terminal 3' hydroxyl group of the a*oligonucleotide region in 
the normal manner as per Example 1. The trityl hydroxyl gr up 
blocking group of the cyclobutyl thymidine nucleoside surrogate 

30 is deblocked. A 7 nucleotide region of phosphorothioate 2'* 
deoxy B*nucleotide sequence is added on the synthesizer. Upon 
completion of the DNA region of the macromolecule a la- 
thymidyl-2B-hydroxy-3a-methoxytrityloxycyclobutane unit 
activated as a normal phosphor amidite on the 2 hydroxy will b 

35 c ndens d on the gr wing macromolecul in the same manner as is 
the la-thymidyl-3B-hydroxymethyl-3a«methoxytrityloxym thyl- 
cyclobutane moiety above. Following d blocking of the trityl 
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bl eking group of the nucleoside surrogate unit, a ftirth r 4 
nucleotide stretch f a-oligonucleotides is added to complete 
the macromolecule. Deblocking, removal from the support and 
purification of the resulting nacromolecule is conducted in th 
5 normal manner. 

XXAKPLS 3 

Oligemueleotide aaviag a ^-Substituted Oligoaueleotides Regions 
riankimg esBtral a^-DMZj Vhesphorothiovte oligoaueleotide 
SegioB 

10 A 15 mer RNA target of the seqpience 5'6CG TTT TTT TTT 

T6C G 3' was prepared in the normal manner on the DHA sequenc r 
using RNA protocols. A series of phosphorothioate 

complementary oligonucleotides having 2 * «*0-substituted 
nucleotides in regions that flank 2'-deoxy region are prepar d 

15 utilizing 2 '*0-substituted nucleotide precursor prepared as per 
known literature preparations, i.e., 2'«*0*methyl, or as per the 
procedures of PCT application PCT/US91/05720 or United States 
Patent Applications 566,977 or 918,362. The 2'»0-substituted 
nucleotides are added as their 5'-0-dimethoxytrityl*3'-» 
^20 phosphoramidites in the normal manner on the DNA synthesizer. 
The complementary oligonucleotides have the sequence of 5' CGC 
AAA AAA AAA AAA AC6 C 3'. The 2'-0-substituent was located in 
CGC and C6 regions of these oligonucleotides. The following 
2 ' -O-substituents are used: 2'-fluoro; 2'-0-methyl; 2'*0- 

25 propyl; 2'-0-allyl; 2 ' -O-aminopropoxy ; 2 ' -O- 
( me thoxyethoxy ethyl ) , 2'-0-*imidazolebutoxy and 2^-0- 
imidazolepropoxy. Additionally the same se(|uence is prepared 
in both as a phosphodiester and a phosphorothioate. Following 
synthesis the test compounds and the target compound are 

30 subjected to a melt analysis to measure their Tm's and nucl as 
resistance as per the protocols in the above referenced PCT 
application PCT/US91/05720. The test 8eq[uences were found n t 
be substrates for RNase H whereas as the corresponding target 
s quence is. Th se test sequences will be nuclease stable and 

35 will have increase binding affinity t the. target compared to 
the phosph diester analogue. 
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BZAKPLB 4 

oilg nuel tlda Having 2'*S' Fh aph diaatar ligoauel tid 
Ragiaaa Flaakiag K Caatral 2'->Daox7 3'-S' Vhoapborothi ata 
OligoBuelaotida Ragioa 

5 For tha praparation of a 20 Bar oligonucleotide, a 

firat region of 6 RNA nuclaotidea having 2'-S' linkages is 
prepared as per the method of Kierzek, et* ai.. Nucleic Acids 
/Research lt92, 20, 1685 on a DMA ayntheaizer utilizing the 
general protocols of thia reference* tJpon completion of the 
10 2'*5' linked region, a 2'-deoxy phosphorothioate region f 3'- 
5' linked DNA oligonucleotide 8 nucleotides long is added. A 
further 6 nucleotide long region of 2' ^5' linkages is then 
added to complete the oligonucleotide having mixed 2 '-5' and 
3'*5' linkages. 

15 SZAMFLB 5 

Maeromolecule Raving Regiona Of cyclobutyl Burr gate 
Vucleoaidea Linked By Fboaphodieater Linkagea Flanking A 
central 2'-Deox7 3'*9' Fhospborethioate Oligonucleotide Regi n 

^20 For the preparation of a 20 mer oligonucleotide, a 

first region of 6 cyclobutyl surrogate nucleosides link d by 
phosphodiester linkages is prepared as per Example 38 of Unit d 
States patent application 808,201 on a DNA synth sizer 
utilizing the protocols of this reference* Upon completion f 
25 this region, a 2'-deoxy phosphorothioate region of a 3^*5' 
linked DNA oligonucleotide 8 nucleotides long is added. A 
further region of 6 cyclobutyl surrogate nucleosides is then 
added to complete the maeromolecule. 

BZAMFLB a 

30 Maeromolecule Raving Regions Of carbocyclic 8urr gate 
Mucleoaidea Linked By Fhoapbodieater Linkagea Flanking A 
Central 2'-DeoBy Fbosphorotbioate Oligonucleotide Region 

Carbocyclic nucleosid s are prepare as per the review 
references cited in Borthvick, t ai., T trah dron 1992, 48, 
35 571. The resulting carbocyclic nucleosides are blocked with a 
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dimeth xytrityl bl eking group in the normal manner. The 
c rresponding phosphoramidites are prepared in th manner of 
Example 38 of United States Patent Application 808,201 
substituting the carbocyclic nucleosides for the cyclobutyl 
5 nucleosides surrogates. For the preparation of a 18 mer 
oligonucleotide, a first region of 4 carbocyclic nucleosides 
linked by phosphodiester linkages is prepared on a DNA 
synthesizer utilizing the protocols of Example !• Up n 
completion of this region, a 2'-'deoxy phfffephorothioate 3 '-5' 
10 linked DNA oligonucleotide 8 nucleotides long is added. A 
further region of 4 carbocyclic nucleotides is added to 
complete the macromolecule. 

EXAXPLE 7 

Oligonucleotide Having 4 ' -Tbionucleotide Regions Flanking A 
IS Central a^^Deozy Pbosphorothloate Oligonucleotide Region 

In the manner of Example 6, a region of 4'- 
thionucleotides is prepared as per the procedures of PCT patent 
application PCT/US91/02732 • Next a region of normal 2 '-de xy 
phosphorothioate nucleotides are added followed by a further 
^20 region of the 4 '-thionucleotides. 

EXAMPLE • 

Macromolecule Having Peptide Mueleio Acids Regions Flanking A 
Central a'-Deoxy Phosphorothioate oligonucleotide Region 

A first region of peptide nucleic acids is prepar d 
25 as per PCT patent application PCT/EP/01219 . The peptide 
nucleic acids are prepared from the C terminus towards the N 
terminus using monomers having protected amine groups. 
Following completion of the first peptide region, the terminal 
amine blocking group is removed and the resulting amine reacted 
30 with a 3'-C-(formyl)-2',3'-dideoxy-5'-trityl nucleotide as 
prepared as per the procedure of Vasseur, mt . al J. Am. Ch m. 
Soc. 1992, 114, 4006. The condensation of the amine with the 
aldehyde moi ty of the C-formyl nucleoside is effected as per 
the conditions of the Vasseur, ibid.» t yield an intermediate 
35 oxime linkage. The oxime linkag is r duced under reductive 



alkylation c nditions of Vass ur, ibid., with HCHO/NaBHjCN/AcOH 
to yi Id th nucleoside c nnected to the peptide nucleic acid 
via an methyl alkylated amine linkage. An internal 2'-deoxy 
phosphorothioate nucleotide region is then continued from this 
5 nucleoside as per the protocols of Example l. Peptide 
synthesis for the second peptide region is commenced by 
reaction of the earboxyl end of the first peptide nucleic* acid 
of this second region with the 5' hydroxy ^f the last 
nucleotide of the DNA region folloving removal of the 
10 dimethoxytrityl blocking group on that nucleotide. Coupling is 
effected via DEA in pyridine to form an ester linkage between 
the peptide and the nucleoside. Peptide synthesis is then 
continued in the manner of patent application PCT/EP/01219 t 
complete the second peptide nucleic acid region. 

15 EXAMPLE 9 

Oligonucleotide Baviag 2 '-Substituted Oligonucleotide Regi as 
riaakiag A Central a^-Oeoxy Phosphoroseleaate Oligonucleotide 
Region 

An oligonucleotide is prepared as per Example 3 
^20 utilizing 2'-0-methyl substituted nucleotides to prepare the 
flanking regions and oxidization with 3ir*l,2-benzothiaseleno*3- 
ol for introducing the seleno moieties in the central regi n as 
per the procedure reported by Stawinski, et al., T nth 
Jnternationai Roundtable: Nucleosides, Nucleotides and Th ir 
25 Biological Evaluation, September 16-20, 1992, Abstracts f 
Papers, Abstract 80. 

BZAMPLB 10 

Oligonucleotide Having 2 '-Substituted Oligonucleotide Regi ns 
Planking X Central 2^-Deoxy Phospborodithioate Oligonueleotid 
30 Region 

An oligonucleotide is prepared as per Exampl 3 
utilizing 2 ' -O-aminopropoxy substituted nucleotides to prepare 
the flanking r gions and th procedures of Beaton, t. ai.. 
Chapter 5, Synthesis of oligonucleotide pho phorodithioates , 
35 page 109, Oiigonuci otid s and Analogs, A Practical Approach, 
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Eckstein, F., Ed.; The Practical Appr ach Series, IRL Press, 
New York, 1991 to prepare the internal phosphorodithioate 
region. 

BZAMPLB 11 

5 OligoBueleotide ■avlBg Boraaophosphate Linked Oligoauele tid 
RegioBS Pla&kiBg K CeBtral a'-Deexy Phospborothioate 
OligoBueleotide RegioB 

An oligonucleotide is prepared--as per Exampl 3 
utilizing the procedures of ptiblished patent applicati n 
10 PCT/US/06949 to prepare the flanking boranophosphate regi ns 
and the procedures of Example 1 to prepare the central 2 '-de xy 
phosphorothioate region. 

BmCPZiS 12 

OligoBueleotide BaviBg 2 '•Substituted Methyl PbospboBate LlBked 
15 OligoBueleotide RegioBS riSBklBg A CsBtral 2'-Deoxy Pbosph r - 
tbioate OligoBueleotide RegioB 

2*Fluoro nucleosides are prepared as per Example 3 and 
then converted to nucleotides for the preparation of flanking 
methylphosphonates linkages as per the procedures Miller et. 
*20 al., Chapter 6, Synthesis of oligo-2'-deoxyribonucleoside 
methylphosphonates, page 137, Oligonucleotides and Analogs^ A 
Practical Approach, Eckstein, F., Ed.; The Practical Appr ach 
Series, IRL Press, New York, 1991. The central int rnal 
phosphorothioate region is prepared as per Example 1 followed 
25 by the addition of a further 2'->0-s\ibstituted methylphosph nate 
region. 

BZAKPLB 13 

OligoBueleotide Ha^iBg 2 '-Substituted Methyl Pbospbotriester 
LlBked OligoBueleotide RegioBS risBkiBg CeBtral 2'-D zy 
30 Pbospbodiester TbyaidiBs OligoBueleotide RegioB 

2*Fluoro nucleosides are prepared as per Example 3 and 
then converted to nucleotid s for th pr paration of flanking 
r gions .of methyl phosphotriest r linkages as per the 
procedur s Miller, t. ai . , Bioch mistry 1977, iff, 1988. A 



- 35 



central internal phosphodiest r regi n having 7 c nsecutiv 
thymidine nucl otid residues is prepar d as per Example 1 
followed by the addition of a further 2'-0*substituted methyl 
phosphotriester region. 

5 BZMfPLB 14 

MaeroBoleeule Having ■ydroxylamiae Oligemuoleoeide itegi ns 
FXaakiag K Cemtrel a'-Deojcj Phoepberethioate Oligoaueleotide 
aagioa — 

A first flanking . region of nucleosides alternately 
10 linked by methylhydroxylamine linkages and phosphodiester 
linkages is prepared as per the procedxire of Vasseur, ibid. A 
central 2'*0-deoxy phosphorothioate oligonucleotide region is 
added as per the procedxire of Example 3 followed by a further 
flanking region having the same linkages as the first region to 
15 complete the macromolecule. 

BZAMVLB IS 

Maeromeleeule Baviag Rydraslae Llaked OXigonueleoside Regi ns 
Flanking A Central 2'-*DeoxY Vhospherotliioate Oligenueleotida 
Region 

20 A first flanking region of nucleosides linked by 

methylhydrazine linkages is prepared as per the procedures of 
the examples of patent application PCT/US92/04294 • A central 
2'*0*deoxy phosphorothioate oligonucleotide region is add d as 
per the procedture of Example 3 followed by a further flanking 

25 region having the same linkages as the first region to compl t 
the macromolecule. 

RXMCPLB 1< 

xaeroaoleeule Baving Methysulfenyl Linked OXigonueleoside 
Regions Planking A Central a^-Deoxy Phospborothi ate 
30 Oligonucleotide Region 

A first flanking region of nucleosides linked by 
methylsulf nyl linkages is prepared as per th procedur s f 
the xamples of patent application PCT/US92/04294 . A central 
2'-0-deoxy ph sphorothioat oligonucleotide region is add d as 



• 36 - 



per the pr cedur of Example 3 f 1 lowed by a further flanking 
region having the same linkages as the first region t complete 
the macromolecule. 

SZMfPLB 17 

5 Maereaoleeule Bavi&g Itbanedijlimiao Li^ed Oligoaueleoside 
Regie&s Flaaki&g K Central S'-Deoxy Vhosphorothioete 
OligoBueleotide ltegio& 

A first flanking region of nucleosides linked by l,2«- 
ethanediylimino linkages is prepared as per the procedures f 
10 the examples of patent application PCT/US92/04294 . A central 
2'-o-deoxy phosphorothioate oligonucleotide region is added as 
per the procedure of Example 3 followed by a further flanking 
region having the sane linkages as the first region to complete 
the macromolecule. 

BZAMPLB la 

oligo&ucleotide Bsvi&g MethylsBe Vhosphomate Link d 
Oligonucleotide Regioms Flmmkimg X Central 2'-D ozy 
Phosphorothioate Oligonucleotide Region 

A first flanking region of nucleosides linked by 
methylene phosphonate linkages is prepared as per the procedur 
of the examples of patent application PCT/US92/04294 • A 
central 2'-0-deoxy phosphorothioate oligonucleotide region is 
added as per the procedure of Example 3 followed by a further 
flanking region having the same linkages as the first region to 
complete the macromolecule. 

BXMfPLB 19 

Xacroaeleeule BSTing MitrilORetbylidyne Linked Oligonucleoside 
Regions rianking A Centrnl a'-Deoxy Phosphorottai ate 
Oligonucleotide Regioia 

30 A first flanking region of nucleosides linked by 

nitrilomethylidyne linkages is prepared as per the procedures 
of th exampl s of United States pat nt application 903,160. 
A central 2'*0-d oxy phosphorothioat oligonucleotid region is 
add d as per the procedure of Example 3 followed by a further 



15 



20 



25 



- 37 - 



flanking region having the ease linkages as th first region to 
complete the nacroaolecule. 

BXANPLB 20 

Maeroaoleeule KaTiag Carbonate Linked Oligoaueleoeide Regi as 
5 Flanking A Central a'-Deoxy Phoephorothioate oligonucleotide 
Region 

A first flanking region of nucleosides linked by 
carbonate linkages is prepared as per the procedure of Mertes, 
et ml., J. Hmd. Chmm. IfCf, 12, 154. A central 2'-0-d oxy 
10 phosphorothioate oligonucleotide region is added as per the 
procedure of Example 3 followed by a further flanking regi n 
having the same linkages as the first region to complete th 
macromolecule • 

EZAKPLB 21 

15 Macromolecule Having Carbamate Linked Oligonueleoside Regions 
Flanking A Central 2'-Oeo3qr Phosphorothioate Oligonucleotide 
Region 

A first flanking region of nucleosides linked by 
carbamate linkages is prepared as per the procedure of Gait, 
20 et. ai., J. Chem. Soc. Perkin 1 1974, 1684. A central 2'«*0- 
deoxy phosphorothioate oligonucleotide region is added as per 
the procedure of Example 3 followed by a further flanking 
region having the same linkages as the first region to complete 
the macromolecule. 

25 SZAXPLS 22 

Macromolecule Having Bilyl Linked Oligonueleoside Regi ns 
Flanking A Central 2'«DeeHy Phosphorothioate Oligonucleotide 
Region 

A first flanking region of nucleosides linked by silyl 
30 linkages is prepared as per the procedure of Ogilvie, et al., 
mcl ic Acids R s. !»••, 16, 4583. A central 2'-0-deoxy 
phosphorothioate oligonucleotide r gion is added as per the 
procedure of Example 3 foil wed by a further flanking r gion 
having the sam linkages as th first region to c mplete the 
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macronolecule • 
BZAMFLB 23 

iueromol«eultt0 Saviag Sulfida, Sulfoxida and Sulfona Linked 
oligeauelMsida ftsgioBS Vlaakiag A CMtral 2'-D esy 
5 Phosphorethieata Oligeauelaotida Ragiea 

A first flanking ragion of nuclaosidaa linked by 
aulfida, aulfoxida and sulfona linkages is prepared as per the 
procedure of Schneider, et ml.. Tetrahedron Letteirs If 90, 31, 
335. A central 2'*0*deoxy phosphorothioate oligonucleotide 
10 region is added as per the procedure of Example 3 followed by 
a further flanking region having the same linkages as the first 
region to complete the macromolecule. 

EXAMPLE 24 

MaeroBoleeules Having Sulfonate Linked Oligoaucleoside Regions 
15 Flanking A Central 2'*Peozy Phosphorothioate Oligenucleotid 
Region 

A first flanking region of nucleosides linked by 
sulfonate linkages is prepared as per the procedure of Musicki, 
et ai., J. Org. Chem. 1991, 55, 4231. A central 2'-0-de xy 
20 phosphorothioate oligonucleotide region is added as per the 
procedure of Example 3 followed by a further flanking region 
having the same linkages as the first region to complete th 
macrpmolecule • 

EXAMPLE 24 

25 Maeromeleeules Eaving Sulfonamide Linked Oligoaucleoside 
Regions Flanking A Central 2'-X^ox7 Phospborothi ate 
Oligonucleotide Region 

A first flanking region of nucleosides linked by 
sulfonamide linkages is prepared as per the procedure of 
30 Kirshenbaum, et. al., Thm 5th San Diego ContBrenee: Nucl ic 
Acids: New Frontiers, Poster abstract 28, November 14-16, 1990. 
A central 2'-0-deoxy phosphorothioate oligonucleotide r gion is 
added as per the pr cedur of Example 3 followed by a further 
flanking region having the same linkag s as the first region to 
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complete th macr mol cule. 
EXMCPLE 2S 

MaeroBoleoulee Beving rozmaeetml Liaked OXigoBueleoeide Regi as 
Flaakiag K Central a'^Deosy Phoepherethieete Oligoauele tide 
5 aegioa 

A first flanking region of nucleosides linked by 
fonnacetal linkages is prepared as per the -procedure of 
Matteucci, Tetrahedron I^etters 1990, 31, 2385 or Veeneman, t. 

al., RBcumll des Trav. Chim. 1990, 109, 449. A central 2'*0* 
10 deoxy phosphorothioate oligonucleotide region is added as per. 
the procedure of Example 3 followed by a further flanking 
region having the same linkages as the first region to complete 
the macromolecule. 

EXAMPLE 20 

15 Maeromoleeules EaTiBg TbioforBaeetal Liaked Oligoaucle side 
Regions Planking A Central 2 '-Deoxy Pbospberetbioate 
OligoBueleotide Region 

A first flanking region of nucleosides linked by 
thioformacetal linkages is prepared as per the procedure of 

20 Matteucci, et. ai • , J. Am. Cham. Soc. 1991, 113, 7767 or 
Matteucci, Nuclaosidas t Nucleotides 1991, 10, 231. A central 
2'-0-deoxy phosphorothioate oligonucleotide region is added as 
per the procedure of Example 3 followed by a further flanking 
region having the same linkages as the first region to complete 

25 the macromolecule. 

EXAMPLE 27 

Maeromoleeules Having Morpholiae Linked Oligonueleoside Regi ns 
Planking A Central 2 '-Deoxy Phosphorothioate Oligonuele tid 
Region 

30 A first flanking region of nucleosides linked by 

morpholine linkages is prepared as per the procedure of United 
States Pat nt Number 5,034,506. A central 2'-0-d xy 
phosphorothioate oligonucleotide region is added as per th 
pr cedure of Example 3 followed by a further flanking regi n 



having the sane linkages as th first region to c mplete the 
macromo lecule • 

BXAXPLB 2t 

Maeroaoleeules Baving Aside Linked Oligoaueleoeide Regi as 
5 Fla&king X ce&tral a'-Deexy Phoepboretbioate Oligoaueleotid 
Region 

A first flanking region of nucleosides linked by amide 
linkages is prepared as per the procediire of United States 
patent application serial nVmber 703,619 filed May 21, 1991 and 
10 related PCT patent application PCT/US92/04305. A central 2'-0- 
deoxy phosphorothioate oligonucleotide region is added as per 
the procedure of Example 3 followed by a further flanking 
region having the same linkages as the first region to complet 
the macromolecule. 

15 BZAMPLE 29 

Maeromolecules Saving Btbylene oxide Linked Oligonuele side 
Regions Flanking A Central a '-Deoxy Pbospbodi ster 
Oligonucleotide Region 

A first flanking region of nucleosides linked by 
20 ethylene oxide linkages is prepared as per the procedure of PCT 
patent application PCT/US91/05713 . A central. 2'-0-d oxy 
phosphodiester oligonucleotide region three nucleotides long is 
added as per the procedure of Example 1 followed by a further 
flanking region having the same linkages as the first region to 
25 complete the macromolecule. 

BZAMPLE 30 

Maeromolecules Baving 3,4-Oihydrozybutyl Linked Muele base 
Regions Flanking A Central a '•Deoxy Fbospborothioat 
Oligonucleotide Region 

30 A first flanking region of nucleobases linked by 3,4- 

dihydr oxy butyl linkages is prepared as per the procedure of 
Augustyns, t. ai . , Nucl ic Acids R s arch 1991, 19, 2587. A 
central 2'-0-deoxy ph sphorothi ate olig nucl otide regi n is 
added as per th procedure of Example 3 followed by a further 
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flanking regi n having the sane linkages as the first region to 
complete the macr m lecule. 

EXAMPLE 31 

MaeroBoleeules BaTlag DihydroxypropesyBettayl Linked Mueleotese 
5 Regions Flanking K Central a^-Deoxy Pbosphorethi ate 
Oligonucleotide Region 

A first flanking region of nucleobases linked by 
dihydroxyproproxymethyl linkages is preparetd as per th 
procedure of Schneider^ et ai., J. Am. Ches. Soc. 19f0, 112, 
10 453. A central 2'-*0-deoxy phosphorothioate oligonucleotide 
region 9 nucleotides long is added as per the procedure of 
Example 3 followed by a further flanking region having the same 
linkages as the first region to complete the macromolecule. 

PROCEDURE 1 

15 Ras*Luoiferase Reporter Oene Assembly 

The ras-luciferase reporter genes described in this 
study were assembled using PGR technology. Oligonucle tide 
primers were synthesized for use as primers for PGR cloning of 
the 5 ^-regions of exon 1 of both the mutant (codon 12) and non** 

20 mutant (vild*type) human H-ras genes. H*ras gene templates 
were purchased from the American Type Culture Collection (ATCC 
nximbers 41000 and 41001) in Bethesda, MD. The oligonucleotide 
PCR primers 5 ' •ACA-TTA-TGC-TAG-CTT-TTT-GAG-TAA-ACT-TGT-GGG-CCA- 
GGA-GAC-CCT-GT-3 ' (sense), SEQ ID NO: 1, and 5 ' *GAG-ATC-TGA* 

25 AGC-TTC-TGG-ATG-6TC-AGC-GC-3' ( ant i sense ) , SEQ ID NO: 8, were 
used in standard PCR reactions using mutant and non*mutant H- 
ras genes as templates. These primers are expected to produce 
a ONA product of 145 base pairs corresponding to sequences -53 
to +65 (relative to the translational initiation site) of 

30 normal and mutant H^ras, flanked by Nhel and Hindlll 
restriction endonuclease sites. The PCR product was gel 
purified, precipitated, washed and resuspended in water using 
standard procedures. 

PCR primers f r the cl ning f the P. pyralis 

35 (firefly) lucif erase g ne were designed such that the PCR 
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pr duct would code for the full*l ngth luciferase pr tein with 
the exception of the amino-tenninal aethionine residue, vhich 
would be replaced with two amino acids, an amino-t ermine 1 
lysine residue followed by a leucine residue. Th 
5 oligonucleotide PCR primers used for the cloning of the 
luciferase gene were 5 ' HSXG-ATC-TGA^^AGC-TTG-AAG-ACG-CCA-AAA- 
ACA-TXA-AG-a ' (sense), SEQ ID HO: 9, and 5 ' -ACG-CAT-CTG-GCG- 
CGC*CGA-TAC-CGT-CGA-CCT-CGA*3 ' (antisense) , SEQ ID NO: 10, 
were used in standard PCR reactions using a commercially 

10 available plasmid (pT3/T7-Luc) (Clontech) , containing the 
luciferase reporter gene, as a template. These primers wer 
expected to yield a product of approximately 1.9 kb 
corresponding to the luciferase gene, flanked by Hindlll and 
BssHII restriction endonuclease sites. This fragment was gel 

15 purified, precipitated, washed and resuspended in water using 
standard procedures. 

To complete the assembly of the ras*luciferase fusion 
reporter gene, the ras and luciferase PCR products were 
digested with the appropriate restriction endonucleases and 

20 cloned by three^art ligation into an expression vector 
containing the steroid-inducible mouse mammary tumor virus 
promoter MMTV using the restriction endonucleases Nhel, Hindlll 
and BssHII. The resulting clone results in the insertion f 
ras 5^ sequences (-53 to -4*65) fused in frame with the firefly 

25 luciferase gene. The resulting expression vector encodes a ras- 
luciferase fusion product which is expressed under control of 
the steroid-inducible MMTV promoter. 

PROeSDORS 2 

TraasfsetioB of Cells with Plasmid DMAs 

30 Transf actions were performed as described by Green- 

berg, N.E. in Current Protocols in Molecular Biology, (Ausubel, 
et ai., eds.), John Wiley and Sons, HY, with the following 
modifications. HeLa cells were plated on 60 mm dishes at 5 x 
10^ cells/dish. A total of 10 m9 of DNA was added t each 

35 dish, of which 9 m9 vas ras-lucif erase r porter plasmid and 1 
M9 was a vector expressing the rat glucocorticoid receptor 
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under eontr I f tarn eenstitutiv* Rous sareoaa virus (RSV) 
proBoter. Cftlelum phespha1;«-DHA ooprftelpitatas vera res v d 
after 16-20 houre by vaehlng with Trie-buffered saline [50 Mm 
Tris-Cl (pR 7.5), ISO aK MeCl] oenteinin? 3 bM BGTA. Fr sh 
5 aedium euppleaented with 10% fetel bovine eertia vas -then add d 
to the cells. At this tiae, cells vere pre-treated vith 
entisense eligonueleetides prior to eetivetien of reporter g ne 
expression by dexaaathssone. 

PROC£DUSI 1 

10 oligeaueleetide Treataeat of Cells i 

Zaaediately following plasaid transf action, cells vere 
vashed three tiaes vith Opti-MZM (Gibco) , prevarned to 37 "C. 
Tvo al of Opti-MEM containing 10 Mg/al N-tl-(2,3- 
dioleyloxy) propyl] •N,M,M,-triBethyleaaoni\a chloride (DOTKA) 

15 (Bethesda Research Labs, Gaithersburg, md) vas added to aeh 
dish and oligonucleotides vere added directly and incubated for 
4 hours at 37*0* Opti^MEM vas then reaoved and replaced vith 
the appropriate cell growth aediua containing oligonucle tid . 
At this tiae, reporter gene expression vas activated by 

20 treataent of cells vith dexaaethasone to a final coneentratl n 
of 0.2 MM. Cells vere bervested 12->16 hours following steroid 
treataent. 

VROGSOURX 4 

Lttoiferase Assays 

25 lAiciferase vas extracted froa cells by lysis vith the 

detergent Triton X-lOO, as described by ereenberg, M.S., in 
current Protocols in Molecular Biology, (Ausubel, et ai., 
eds.), John Wiley and Sons, HY. A Dynateeh HLIOOO lumin aeter 
vas used to aeasure peak luainescence upon additi n f 

30 luciferin (Sigaa) to 625 iM, Per each extract, lucif ras 
assays vere perferaed aultiple tiaes, using differing aaounts 
of extract to enaur that the data ver gath red in the linear 
range of the assay. 
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PROCEDURE S 

ABtisMS Olig Buelaotld Zahibiti n of raa-Lueif arms 
OOBO Bzprossioa 

A series of antisense phosphorothioate oligonucleotide 
5 analogs targeted to the codon-12 point nutation of activated H* 
ras were tested using the ras-lucif erase reporter gene system 
described in the foregoing examples. This series comprised a 
basic sequence and analogs of that basic secjuence. The basic 
secnience was of known activity as reported in patent 

10 application serial number 07/715,196 identified above. In both 
the basic sequence and its analogs, each of the nucleotide 
subunits incorporated phosphorothioate linkages to provide 
nuclease resistance. Each of the analogs incorporated 
nucleotide subunits that contained 2^*0-methyl substituti ns 

15 and 2 ' «*deoxy-fiQf£2u:S-pentof uranosy 1 sugars. In the analogs, a 
sub-*sequence of the 2 ^ ^deoxy^ erythro -pentof uranosy l sugar 
containing subunits were flanked on both ends by sub-*sequences 
of 2'*0«»methyl substituted subunits. The analogs differed from 
one another with respect to the length of the sub^seguence f 

20 the 2 '-deoxy-acxihEfi-pentofuranosyl sugar containing nucleo- 
tides. The length of these sub-sequences varied by 2 
nucleotides between 1 and 9 total nucleotides. The 2'-deoxy- 
ervthro-pentofuranoayl nucleotide sub-seG[uences were centered 
at the point mutation of the codon-l2 point mutation of the 

25 activated ras. 

The base sequences, sequence reference numbers and 
sequence ID numbers of these oligonucleotides (all are 
phosphorothioate analogs) are shown in Table 1. In this table 
those nucleotides identified with a contain a 2'*0-methyl 

30 substituent group and the remainder of the nucleotides 
identified with a ^ are 2 ' -deoxv- ervthro -pftntof uranosy l 
nucleotides. 
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TABLE 1 

Olig X t. no. 6 qpiMC 8EQ 
ZD ho: 

2570 C^C^ C^C^ Cfifi^ Cfi^C^ C^C^ 1 

3975 C^cTx" C^aV C^'g^A^ gTgV cTgV C^c" 2 

3979 C^C^a" c"aV C^C^ C^V C^cV c"c" 3 

3980 C^C^a" C^'aV C/i^ Vd^" C^gV c"c" 4 
3985 C^C^a" C^a"c^ C^^^ C^gV C^c" 5 
3984 C^C^a" (fhJC^ C^^^ C^V C^C^ 6 



10 Figure 1 shows dose^response data in which cells were 

treated with the phosphorothioate oligonucleotides of Tabl 1. 
Oligonucleotide 2570 is targeted to the codon-12 point nutation 
of mutant (activated) H-*ras RNA. The other nucleotides have 
2'-0-]&ethyl substituents groups thereon to increase binding 

15 affinity with sections of various lengths of inter*spaced 2'- 
deQagv ervthro -pentofuranosvl nucleotides. The control 

oligonucleotide is a random phosphorothioate oligonucleotide 
analog, 20 bases long. Results are expressed as percentage f 
luciferase activity in transfected cells not treated with 
^20 oligonucleotide. As the figure shows, treatment of cells with 
increasing concentrations of oligonucleotide 2570 resulted in 
a dose-dependent inhibition of ras-luciferase activity in cells 
expressing the mutant form of ras-lucif erase. Oligonucleotide 
2570 displays an approximate threefold selectivity toward the 

25 mutant form of ras-» luciferase as compared to the normal form. 

As is further seen in Figure l, each of the olig - 
nucleotides 3980, 3985 and 3984 exhibited greater inhibition of 
ras-lucif erase activity than did oligonucleotide 2570. The 
greatest inhibition was displayed by oligonucleotide 3985 that 

30 has a sub-sequence of 2 ^ ^deoxy^ ervthro -pentof uranosvl 
nucleotides seven nucleotides long. Oligonucleotide 3980, 
having a five nucleotide long 2 ' ^deoxv- ervthro -pentof uran syl 
nucl otide sub-sequence exhibited the next gr atest inhibiti n 
follow d by oligonucleotide 3984 that has a nine nucleotid 2'- 

35 deoxy- erythro -pentofuranegyl nucleotide sub-s quence. 
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Figure 2 shows th results similar to Figure 1 except 
it is in bar graph form. Further seen on Figur 2 is the 
activity of oligonucleotide 3975 and oligonucleotide 3979. 
These oligonucleotides have sub-sequences of 2 * '^deoxy- ervthro - 
5 pentofuranosyl nucleotides one and three nucleotides 1 ng, 
respectively. As is evident from Figure 2 neither of the 
oligonucleotides having either the one nor the three 2'-^de xy- 
ft r NTfchr o ^^pentof ur anos V 1 nucleotide sub'-seqpiences sh wed 
significant activity. There was measurable activity for the 

10 three nucleotide siib-sequence oligonucleotide 3979 at the 
highest concentration dose. 

The increases in activity of oligonucleotides 3980, 
3985 and 3984 compared to oligonucleotide 2570 is attributed to 
the increase in binding affinity imparted to these compounds by 

15 the 2 ' -O-methyl substituent groups located on the compounds and 
by the RNase H activation imparted to these compounds by 
incorporation of a 8\ib*sec[uence of 2 ^ -deoxy ervthro * 
pentofuranosyl nucleotides within the main sequence of nucleo** 
tides. Zn contrast to the active compounds of the invention, 

20 it is interesting to note that sequences identical to those of 
the active oligonucleotides 2570, 3980, 3985 and 3984 but 
having phosphodiester linkages in stead of the phosphorothioate 
linkages of the active oligonucleotides of the invention showed 
no activity. This is attributed to these phosphodiester 

25 compounds being substrates for nucleases that degrade such 
phosphodiester compounds thus preventing them potentially 
activating RNase H. 



